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Recent HERA data on structure functions and reduced cross-sections are presented
and their significance for our understanding of the low-x region is dicussed
In the course of the last year both ZEUS and H1 have presented data (see
refs. 1, 2) on structure functions and reduced cross-sections from the 1996/7
runs of e+p interactions. The kinematics of lepton hadron scattering is de-
scribed in terms of the variables Q2, the invariant mass of the exchanged
vector boson, Bjorken x, the fraction of the momentum of the incoming nu-
cleon taken by the struck quark (in the quark-parton model), and y which
measures the energy transfer between the lepton and hadron systems. The
cross-section for the process is given in terms of three structure functions by
d2σ(e+p)
dxdQ2
=
2piα2
Q4x
[
Y+ F2(x,Q
2)− y2 FL(x,Q
2)− Y
−
xF3(x,Q
2)
]
, (1)
where Y± = 1±(1−y)
2, and we have ignored mass terms. The new data have
extended the measured region in the x,Q2 plane to cover 10−6 < x < 0.65
and 0.045 < Q2 < 30000GeV 2. The precision of measurement is such that
systematic errors as small as ∼ 3% have been achieved for 2 < Q2 < 800GeV 2,
with much smaller statistical errors. Thus the HERA data rival the precision
of fixed target data, and there is now complete coverage of the kinematic
plane over a very broad range. In Fig.1 we show a subsample of the HERA
F2 data in comparison to fixed target data, for low Q
2 values which cover the
interesting low x region. This plot show the characteristic rise of F2 at small
x which becomes more dramatic as Q2 increases. In this kinematic region,
the parity violating structure function xF3 is negligible and the structure
functions F2, FL are given purely by γ
∗ exchange. At leading order (LO) in
perturbative QCD, F2 is given by
F ep2 (x,Q
2) = Σie
2
i ∗ (xqi(x,Q
2) + xq¯i(x,Q
2)), (2)
a sum over the (anti)-quark momentum distributions of the proton multiplied
by the corresponding quark charge squared e2i . At the same order, the spin-
1/2 nature of the quarks implies that FL = 0, thus cross-section data measure
F2 and tell us about the behaviour of the quark distributions, and futhermore,
their Q2 dependence, or scaling violation, is predicted by pQCD. Preliminary
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Fig.1: HERA F2 data compared to fixed target data at low Q
2
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NLO pQCD fits to the F2 data from each of the collaborations are shown on
Fig.1.
To appreciate the significance of the QCD scaling violations we also show
the HERA96/7 data as a function of Q2 in fixed x bins in Fig.2. Such data
has been used to extract parton distributions using an NLOQCD fit to the
DGLAP equations. For example,
dqi(x,Q
2)
d lnQ2
=
αs(Q
2)
2pi
∫ 1
x
dy
y
[∑
j
qj(y,Q
2)Pqiqj (
x
y
) + g(y,Q2)Pqig(
x
y
)
]
(3)
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Fig.2: ZEUS and fixed target F2 data as a function of Q
2 in fixed x bins
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describes the Q2 evolution of a quark distribution in terms of parent par-
ton (either quark or gluon) distributions, where the ‘splitting function’ Pij(z)
(predicted by QCD) represents the probability of the parent parton j emit-
ting a parton i, with momentum fraction z of that of the parent, when the
scale changes from Q2 to Q2 + d lnQ2. The QCD running coupling, αs(Q
2),
determines the rate of such processes. Thus although the structure function
F2 is directly related to quark distributions, we may also gain information on
the gluon distribution from its scaling violations. In fact at low x the gluon
contribution dominates the evolution of F2.
In recent years more emphasis has been placed on estimating errors on
extracted parton distributions. Fig.3 shows the gluon distribution extracted
from a fit to H196/7 data, where the errors include not only experimental
lowx˙ismd2000: submitted to World Scientific on November 2, 2018 3
